Article
Introduction
Brazil ranks second in world soybean production (Glycine max L.) (EMBRAPA, 2018) , and each year, increases are recorded both in the planted area and quantity produced. However, recurrent environmental factors in these areas, such as water deficit, may negatively affect germination, growth and crop development, causing yield losses and low-quality seeds (Furlan et al., 2012) .
Biochemical methods, such as seed priming (SP), have been efficient strategies to induce tolerance to water deficit. This technique consists of imbibing seeds into natural or synthetic compounds for a determined period of time, suspending imbibition after the induction of germination but without allowing germination to complete, that is, before root protrusion (Jisha et al., 2013 , Ibrahim, 2016 . This practice allows the embryo to store biochemical information that will enable it to cope with subsequent stress conditions (Prom-u-thai et al., 2012) .
Although SP in soybean is not commercially used on a large scale, several studies have shown its results in improving the physiological quality of seeds and seedlings (Arifet et al., 2010 , Kering & Zhang 2015 Silva et al., 2016) . Among the solutions used in imbibition, SP with polyethylene glycol (PEG) (Sun et al., 2010) , hormones (Mahmoudi et al., 2012; Sneideris et Com. Sci., Bom Jesus, v.10, n.1, p.176-184, Jan./Mar. 2019 al., 2015), salts and metals (Prom-u-thai et al. al., 2012) has efficiently induced tolerance to water deficit. There is evidence that the molecules of the oxidative system act as signals and induce antioxidant agents in the seed, which can be activated in the seedling and help protect against damage caused by oxidation. Nitric oxide (NO), for example, is a reactive nitrogen species belonging to the oxidative system that, depending on the concentration, acts as a signaling molecule or free radical (Corpas & Barroso 2015; Jiao et al., 2016; Sadeghipour, 2016) .
Both reactive oxygen species (ROS), hydrogen peroxide (H 2 O 2 ), and reactive nitrogen species (RNS), such as NO, are involved in a number of stress responses, such as temperature extremes and water deficit (Hancock et al., 2011) . Preexposure to a molecule of the oxidative system, such as NO, can lead to a "memory of stress", and this effect is responsible for the crosstolerance observed in some studies (Bruce et al., 2007; Wahid et al., 2007) .
In recent years, it has become clear that NO has a key role in plant defense signaling under stress conditions, such as high salinity (Zanotti et al., 2013) , UV-B radiation (Gupta et al., 2011) and, especially, water deficit (Cho et al., 2013) .
In addition, the exogenous application of NO releasers resulted in increased seed germination rates and seedling initial growth under several adverse conditions (Zheng et al., 2009; Singh et al., 2013; Egbichi et al., 2014) . Among the various NO-generating compounds, sodium nitroprusside is one of the most used in studies on plant signaling due to its efficiency, especially in leaf tissues (Ederli et al., 2009 ).
Thus, it is relevant to hypothesize that the use of NO releasers during seed priming may be an important strategy to induce tolerance during the early development of soybean grown under water deficit.
Material and methods

Plant material and pretreatment
The soybean seeds used belong to the cultivar M7211-RR. For priming, the seeds were placed in transparent plastic boxes (11x11x3.5 cm) containing two sheets of germbox paper embedded in 15 mL of 0, 50, 100 or 250 μmol.L -1 sodium nitroprusside solution (SNP), a NO releaser, for 6 hours. After pretreatment, the seeds were dried at 25 °C for 48 hours. As a control, soybean seeds were used without any pretreatment (NT).
Growth analysis
The seeds were placed in plastic containers of 400 mL, 1 seed per container, filled with a commercial substrate mixture and To determine the area, diameter, density and total root length, a Delta-T Scan (Delta-T Devices LTD analysis system, England) was used. 
Content of chlorophyll and carotenoids
To evaluate the content of total leaf chlorophylls and carotenoids, two leaf discs (7.8 mm) were removed with a punch from the first pair of fully expanded leaves, added to 1.5 mL of methanol and placed inside microtubes covered with aluminum paper. The extraction process was performed in triplicate. Subsequently, in dark conditions, the tubes remained for 24 hours under 4 °C while shaking. After shaking, the foliar tissues were removed, and the extraction solution The chlorophyll and carotenoid contents of the tissues were expressed in micrograms of pigment per leaf disc area (μg.cm -2 ).
Proline content
The proline (PRO) content in the leaves and roots was obtained according to Bates et al. (1973) . The extraction was carried out from 500 mg of plant material (leaves and roots)
homogenized with 5 mL of 3% sulfosalicylic acid.
After that, two filtrations were carried out, and a 1 mL aliquot of proline was taken for quantification.
The reaction was started by adding 1 mL of acidic ninhydrin and 1 mL of 99.5% glacial acetic acid to the sample. The mixture was shaken and incubated at 100 °C for 60 minutes. The samples were cooled on ice, and 2 ml of toluene was added for the separation phase. The fraction containing the chromophore group was collected, and the absorbance was determined at 520 nm in a spectrophotometer (Beckman DU 640). The proline concentration was determined by a proline calibration curve, and the result is expressed in micromoles of proline per gram of fresh weight (FW).
Statistical analysis
The experiment was carried out in a completely randomized experimental design with 5 replicates. Analysis of variance (ANOVA) was used to compare treatments, and significant differences between means were determined by the Scott-Knott test (p <0.05).
Results and discussion
The stem growth (SG) and leaf area The accumulation of NO-induced chlorophyll was observed in canola and tomato under cadmium-induced stress (Zhang et al., 2010; Jhanji et al., 2012) , wheat under high temperature (Hasanuzzaman et al., 2012) , pumpkin under low temperatures and waterlogging (Liu et al., 2011; Fan et al., 2014) , and turfgrass with a water deficit (Hatamzadeh et al., 2015) . In addition to carotenoids, proline is also considered as part of the nonenzymatic mechanism of stress response. Because it is responsible for osmotic adjustment and the maintenance of cellular turgor, PRO is one of the most commonly compatible osmolytes found during water deficit (Mafakheri et al., 2010) .
Its importance is also due to its role in redox signaling and the effective suppression of ROS formation in plants under high salinity, heavy metal contamination, water deficit and other stresses (Gill & Tuteja, 2010) .
In this context, knowing that NO is responsible for the activation of some key enzymes in PRO synthesis (Zhang et al., 2008) , wheat under high salinity (Kausar et al., 2013) , wheat under arsenic-induced oxidative stress (Hasanuzzaman & Fujita, 2013) and cotton under water deficit (Shallan et al., 2012) . Some studies have shown the effects of NO donors in root growth induction and formation, including adventitious roots (Pagnussat et al., 2002; Correa-Aragunde et al., 2004) . In the present study, the effect of NO on root growth was verified through the main root length (MRL) ( Figure 4A ), total root length (TRL) (Figure 4B ), root diameter (RDi) (Figure 4C ), root density (RDe) ( Figure 4D ), root area (RA) ( Figure 4E ) and root dry weight (RDW) ( Figure 4F ).
In addition to the abovementioned effects of NO, the benefits of SNP in the accumulation of PRO in roots were expected to provide better growth under water deficit. , root diameter (C), root density (D), root area (E) and root dry weight (F) of soybean seedlings from pretreated seeds with 0, 50, 100 and 250 μmol.L -1 sodium nitroprusside for 6 hours and untreated seeds (NT) at 14 days under field capacity (FC) and 50% FC water availability. Means followed by the same letter did not differ by the Scott-Knott test (p <0.05).
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